We derive the growth of density perturbations in Newtonian cosmological models. A special case where the source of the particle creation is Ψ = 3nβH is examined.
Introduction
Much effort has been made to investigate the problem of galaxy formation within the framework of general and Newtonian theory including the thermodynamical pressure. However, such a study does not include the evolution of density perturbation taking into account particle creation. Such an approach is the aim of our work.
It is emphasized that the general relativity provides the most elegant and effective approach to tackle the pressure problem. The approach outlined in this discussion does not pretend in any way to supplant its superior position.
A natural generalization of these models should include pressure effects, an attempt to construct analogs to the full class of FRW models.
The Continuity Equation with Particle Creation
To derive the continuity equation we consider the energy conservation in the form dE + P th dV = 0. In the presence of matter creation, the appropriate analysis is performed in the context of open system [4] . In this case the number of particles N in a given volume V is not fixed to be constant. In the case of adiabatic transformation ( dQ = 0 ). The thermodynamical energy conservation law reads
where n = N V and h = ρ + P th is the entalpy per unity volume. The energy contained in a volume V with radius r ∼ R(t) is E ∼ ρc 2 R 3 , and since the volume is changing we get
It is well established that u =Ṙ R r , then ∇ r · u = 3Ṙ R =V V . Finally, by expanding the total derivative
+ u · ∇ r , the above equation may be written after some manipulation as
where c is the velocity of light and the quatities ρ, P th , u denote respectively, the fluid mass density, the thermodynamical pressure and the fluid velocity. The last term in equation (3) is simplified to become h n Ψ. The source of particle creation,Ψ , is related with creation by [4] 
Thus the continuity equation in the presence of matter creation becomes
Equation (5) looks like a balance equation for the matter density.
3 Differential Equation for δ
Background equations
The fundamental hydrodynamical equations that describe the cosmic fluid here considered are [1] : the continuity equation ; the momentum conservation equation and Poisson's equation
In order to obtain a cosmological scenario with matter creation one still needs to provide the equation of state and the matter creation rate. These are given by Ψ = 3nβH ,
β is a constant, n is the number density of particles and H is the Hubble function. The state equation that we use is
when it is substituted into equation (4), the pressure creation becomẽ
Perturbed equations
To study the evolution of small fluctuations in an expanding universe, we consider the standard perturbation ansatz:
where the quantities carrying the subscript 0 represent the (background) homogeneous solutions to the unperturbed equations,(6), (7) and (8) . The quantities δ, δρ, φ and v are to be considered small perturbations when compared to their respective background quantities. Using equation (11) we obtain:P
and consequently
Inserting the above expressions into equations (6), (7) and (8) and linearizing the resulting equations, we get to first order in perturbationṡ
We now change to comoving coordinates q = r R
. Following standard lines [5] , we transform the partial time derivative of an arbitrary function f at fixed r, ∂f ∂t , to the partial time derivative of f at fixed q, wich we write aṡ f . The relation between these two partial time derivative is
where ∇ r = R∇ r is the gradient with respect to q at fixed time.
Finally, by eliminating the peculiar velocity from equations (19) and (21) , and using equation (20), is readly seen thaẗ
This is the differential equation governing the evolution of the density contrast in the presence of matter creation, when we describe a matter distribution with uniform pressure using the modified Newtonian equations.
Application
If space time has uniform curvature the line element is
It is widely known, that equations (6), (7) and (8) admit a homogeneous and isotropic solution, i.e. ρ = ρ(t) and P = P (t), and the evolution of the scale factor R(t) is governed by the equations [6] 
Combining equations (25) and (26) together with (10) and (4) it follows that
In order to integrate eq.(27) , it is necessary to express Ψ in terms of the other quantities involved. We choose it to be [6] 
then equation (27) takes the form
Solution of the equation (29) when k = 0 is given by
when substituted into eq.(25) gives for the mass density the expression
where
Using eq.(32) and (30) into eq.(23), we finally obtain
and
Solutions for equation (37) are
The critical mass density is defined by
When substituted into eq.(36) leads to
Although the decreasing mode can be important in some circunstances, we shall hereafter mainly deal only with the increasing mode . It is responsible for the formation of the cosmic structure in the gravitational stability picture. Beyond this the universe would not have been homogeneous in the past if we consider the coefficient of the decaying mode different from zero.
Horizon Problem
The explicit solution for R(t) can be used to illustrate the horizon that limit our vision of the universe. If the particle horizon R H is bigger than the Hubble sphere r H , then it is in principle possible to receive signals emitted at sufficiently early times from any comoving particle (such as "typical galaxy") in the universe. The particle horizon R H is determined by the formula
and the Hubble sphere of this horizon is
It is useful to express the solution of eq.(33) as a formula for t in terms of R or in terms of the redshift Z =
for easily comparison with observation, namely t = t(R) or t = t(Z) . In terms of t = t(Z) , eqs. (40) and (41) become
A straightforward comparison between R H (Z) and r H (Z) reveals that for
Consequently signals emitted at early times from typical galaxies can be received.
The behavior of the result (44) restricts the parameter β under three special cases: a) Radiation dominate era (ν =
Further restrictions on β is obtained when we write δ + (t) in terms of the redshift. Inserting into eq.(39), we have
If primordial inhomogeneities had grown and formed structures in this model, the following condition must be satisfied
We sum up the conditions that β should satisfy having in mind two physical problems: first avoiding the horizon problem; second requiring that structure forms, these are: a) Radiation dominate era (ν = 
Profile for δ + (t)
In order to rougly estimate an upper limit on the parameter β , we look for the necessary condition that the cosmic background radiation reaches the non-linear regime in the matter dominated era.
The amplitude δ + (Z 0 ) can be evaluated by considering the temperature anisotropy of the cosmic background radiation in decoupling time of the matter and radiation of order 10 −6 , wich is equivalent to order 10 −2 − 10
in density contrast [7] . By taking ν = 
The profiles for the density contrast when ν = 0 , and by using the superior limit δ + (Z 0 ) are: It seems reasonable to suppose that the present strong condensations grew out of small disturbances, so that a necessary condition for their formation is that the perturbation δ + (t) calculated in linear stability theory should have become of order unity at some time before the present [8] . Thus the best value for the redshift when the disturbance reaches the non-linear regime for ν = 0, β = 0 is Z = 9 ,that is the same value for the stantard model without particle creation. In order to compare this result with observation we use eq.(41), that is
for the values of ν and β above to find H 0 t 0 ∼ 0.66. This result does not agree with the established [9] , [10] .
It is important to mention here that the effect of β to improve the age of the universe problem [6] does not apply for the structure formation age if the criteria for the density disturbance to reach the non-linear regime δ + (t) ∼ 1 were used.
Conclusions
In summary, in this paper we analyze the growth of density perturbation in Newtonian cosmological models with a matter creation source Ψ.
A particular case is studied for a homogeneous model with a state equation for thermodynamical pressure and the source is taking to be Ψ = 3βnH.
The profile of density perturbations is studied. It is shown that the results of COBE strongly constrain the possible values of the parameter β.
It would certainly be premature to reach any definite conclusion about the galaxy formation for this model
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